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Abstract

Potential differences have been measured between the alkali

metals and their dilute amalgams in propylene carbonate solutions.

The general cell M(s)|M',X (PC)|M(Hg) has been used where M = Li,

Na, K,Rb; and Cs,and X~ ='A1C1ifor PFc. Some of the amalgam’com-
position:matched exactly the compositions used in the classical
work of G. N. Lewis and good agréement was found. Additional

data is presented for the potassium, rubidium and cesium'amalgams.



e

A

Ihtrbduction_ -

In the course of our studies on the thermodynamic properties

(1,2) and the kinetic measufémentS'(S)“of~the'a1kali metéls in

'aluminum chloride-propylene carbonate'(PC) solution, we have mea-

sured the potential difference between the alkali metals Li, Na,

K, Rb and Cs and their respéctivé'dilute amalgams,

This is a report of a fragmentary nature which establishes

the feaSibility_fdr"a'complete therhodynamic_étudy ofvthé alkali

‘metal amalgams using propylene carbonate as a nonaqueous solvent.

In the present work we have confirmed some of the enmf data

'“"dfﬁiﬁe”éhfly pioheéring work of G. N. Lewis (4-7) and H. E. Bent

(8,”12; 16).and.their co-workers, and addéd'some'additionaliemf

data for different amalgam concentrations. We feel that the
additibnal~andTCOnfirmihg'data for potassium, rubidium and ‘cesium
are especially impbrtant because Qf~the'1ack,of,data:for these

experimentaliy difficult’ systems.



Experimental

Alkali metal amalgams were prepared by weight from triple
distilled mercury'(Quickéilver;Prodﬁcts Inc., sah Francisco) and
alkali metal ribbons (Li-Lithium Corp. of Americé,"g'g.g%-; Na-
Baker analyzed reagent; K -.Mallinékrodt; Rb - Alfallnorgahic,
m2N+;.Cs - United Mineral § Chémical Corp.,.New York, 99,8%1.
The'amalgams were prepared'inside.a dry‘argon gldVe box (below 1
ppm watef); The électfolytés were prepared from' a1ké1i metal
chlorides (Malliﬁékrodt'and A1fa.Inorganic)'ahd aluminum.chloridé‘A
(Baker, 99.2%) or sodium heXéfluorophosphaté (Alfa Inorgahic; 99%)'in.”
propylene carbonate (Jefférson'Chemical'C§r§;; H6ﬁston; TeiaS).i- -
The'distillation,.purificatibn and‘preparation of the solutions
are diséuSsed élSewhere~and Specialrpr?cautipns were-necesséry5for
the K, Rb and Cs cells (1,2,13). = |

. Pqtentials-ﬁgfe measured ﬁifh a high impedénce‘differential
#oltmeter_(thn,Fldke, model 887FA),écCuracy tO.dOS mV,which was
calibrated against-an‘Ebply Laboratory low temperature coefficientv
standard'cell.v.‘ - v . |
| Thé.s§x compartment cells and the electrodes were described
previously (1, 13, 14), and.theﬂpOtentials_wefe'measufgd between
the alkali metalslwifes, or éolidified pools of Rb and Cs in cup
electrodes (1,3,13), and the correspondihg alkali ﬁetalvamalgams
‘which weré placed in cup electfodes. The measufements were'repeated
.every 30 minutes for the first‘féw hours. AThe.potential drift dur-
'ing the first hour was less than 1 mV for most measurements. The

potentials were extrapoiated to zero time and represent average
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values of at least 2 electrodes for each cell. The temperature
was maintainedvat 25 + 0.01 °C'for all experiments. In the caselof
of potassium the measurements were repeated for_various tempera-

tures up to 50 °c within ¢+ 1 °c.

Results

The potential_differences:of_the general cell:
M(s)I'M+,X'(PC)l M(Hg) (where X  is AlCli or PFé) were measured
for M = Li, Na, K, Rb and Cs. The results are summarized in

Table 1 for various amalgam compositions.



~~ Table 1

Potential Measurements of the Alkali Metal-Alkali Amalgéms Cells

X | o
- Celi B . g frzgtﬁon ngp Vths
Li(s) | LiAlC1,(1M),PC I'Li(Hg) 0.01907 25  1.004
Na(s) | NaAlCli(O.SM){PC | Na(Hg) ‘-0.01771‘ 25 0.843
Na(s) | NapF6(o.5M);PC'|'Na(ﬁg)  0.02441 25  0.8319
Na(s) | Na§F6(O.SM),PC | Na(Hg) 0.02982 25  0.7347 "
K(s) | KA1C14(0;5M),pc | K(Hg) 0.01126 25  1.0523
K(s) | KA1C14(0.$M),PC | K(ig) 0.02271 25 1.0067
| o 29 1.013
30 1.016
43 1.057
50 1.067

 Rb(s) | RbA1C1,(0.5M),PC | Rb(Hg) 0.005395 25  1.0766
Cs(s) | CsA1C14(°-5M);PC | Cs(Hg) 0.004551 25  1.107

In disagreement with previous data, see text.

i
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- results.

of 0.8319 V

»partlcular measurement.

for the same amalgam comp051t1on (X

_Gllfillan (16).

Discussion

The results of the present work can, be compared with early
The Value of 1.004 V for X “O 01907 Li (Hg) agrees with

a value of 1. 0037 V reported by Cogley and Butler (9. " The f1rst

sod1um amalgam measurement (0 843) V) sat1sfactor1ly agrees with

the value of-0.8456.V reported by Lewis and Krau5~(5) for the

identical amalgam compos1t10n (XVa"'O .01771). " The second value

agrees well with 0 830 V calculated after Mu551n1

Maina and Pagella (1§) ‘However the third value of 0 73470 V

for‘X - 0. 02982 1< 51gn1f1cantly lower than the calculated

Na

value of 0.822 V. (15) It is believed that the calculated value is

the correct one because of ‘the cons1stency of the data over the

entire d11ute range (15). It is: qulte possible’ that the present

value is erroneous due to poisoning of the solld sod1um in this
The first two Na measurements agree
wellvwith‘the‘data'reported by Hsueh and Bennion (11) -and by

Bent and swift (12).

The. notassium amalgam measurement of 1. 0523 V is slightly
hlgher than the value of 1. 0481 Vv reported by Lew1s and Keyes -(6)

='0. 01126) The addltlonal

value of 1. 0067 v for X, = 0.02271 agrees with 1.01036 V

K
calculated fromuthe aqueouS»sOlUtion measurements of Bent and

- The temperature:coefficient of'the emf of the -
Xk
25 and 50° C, and the average value of dE/dT =0, .0022 + 0. 001 V/ K

= 0. 02271 amalgam cell ‘was calculated from the data between



was obtained. The entropy of solution of potass1um in XK— 0.02271

amalgam is therefore

AS = F(dE/dT) = (96580/4.186)(0.0022) = 50 cal/g mole °K.

The emf value of 1.0766 V for Rb(Hg)(Xkb-= 0.00539) agrees
-reasonably with the corresponding value of 1.074S5 V reported by

Lewis and Argo (7) for an identical amalgam composition, and with

1.077 V calculated from the adueous solution'measurements of Longhi,
Mussini and Osimali. (17). |

"The ceslumramalgam mole fraction'in the present work‘was
0.004551 and isthigher than the composition of the cesium amalgam
used by Bent et al (8), X¢g = d 002827; the value df 1.107 v
obtained in the. present work 15 indeed lower than the value of
1. 121 V measured by Bent et al (8) for a ‘more dilute amalgam, and
agrees reasonably with the calculated value of 1. 100 V after
Muss1n1, Longh1 and Riva (18) |

The act1v1ty coeff1c1ents of cesium in its amalgams ‘can now

be calculated for the two measurements
"log v =~(F/2.303 RT) E - log Xcg

where the pure ce51um has been chosen as the reference state; and
the act1v1ty coeef1c1ents are based on the mole fraction X of the
_ce51um,1n the amalgam. | | ‘ |
iFor Xes = 0.902827 . ~ log Yes T - 16.4, and for
XCs = 0.00454 ' log Ycs 5.416.4.
The potentials were measured every 30 minutes for the first
.few hours and extrapolated to zero time. The.time‘dependent’poten-

tial dr1ft is due to the react1v1ty of the alka11 metal amalgams,

x5
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especially lithium amalgam, toward PC. Doucek, Jansta and Riha

(19). report that active lithium reacts with PC freed from impurites.

“with the formation of LiZCOS;énd'propylehe. They prove that the

_LiZC03'1ayer passivates the_sblid-lithium surface. The decomposi-

tion of lithium amalgam in highly pufe PC (water content was lower

than 0.01 ppm) is even stronger due to surface renewal of the

amalgam. The rate of PC decompOsition by'the alkali metal amaiF

gams»decreases_Sharply in‘the order Li > Na > K. (19) The pre-
sence of traces of water in the electrolytic-solution (45 ppm)

decreases the PC decomposition by the Li-Hg amélgam eonsiderably

as it is believed that the amalgam surface is blocked by LiOH

(19). Dey (20) also speculates on thevfilm formation in Li-PC
sjstems,Vand Scarr (21)-predicts'?c decompositien by Li from
thermodynamic considerations. | |

"Ih the present investigation, the water COntenf was mostly
10 ppm and in some cases up to-50 ppm, and therefore it'is quite

possible that the protective layer slowed down the chemical de-

lbcomposition,,especially'in the Li amalgam case. Similar behavior

’

of potential drift in nonaqueous cells was observed in PC (1,22)

'DMSO (23,24), DMF (25) and N-MF (26). True cell potentials

were obtained by extrapolating to zero time in formamide (27,28).

The . general agreemenp withvthe previous reliable'data justifies

- the extrapolation procedure in the present work.

In conclusion, this fragmentary study establishes the fea-

sibility of using propy1ene carbonate for thermodynamic measure-

ments of the alkali metal amalgams.

4
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